Background: Despite significant efforts to understand adverse pregnancy outcome in women receiving Antiretroviral Therapy (ART), ART-related adverse birth outcomes are still poorly understood. We systematically review ART-related adverse birth outcomes among HIV-infected pregnant women; we also review the covariates associated with adverse birth outcomes in the aforementioned group.
Background
Globally, an estimated 35.3 million people were living with HIV in 2012, [1] over 90% of infections in children result from mother-to-child transmission (MTCT), and over 1,600 children are infected through MTCT each day. In parts of Southern Africa, the prevalence of HIV in pregnant women is over 30%. [2] Women in developing countries where fertility rates are between 5-7 children per woman may experience particular spousal and familial pressure to become pregnant, even if they have disclosed their HIV status. [3] The risk of MTCT of HIV is still high in developing countries where there are still deficient standards of healthcare, poor antenatal care, late diagnosis, lack of ART, and poor or haphazard interventions for Prevention of Mother to Child Transmission (PMTCT) of HIV. [4, 5, 6] The World Health Organization (WHO) recommends triple antiretroviral therapy for all pregnant women with CD 4 cells less than 350/mL or who are at clinical stage 3-4 of disease. For those with less advanced disease, two options are recommended. Option A includes short course of Zidovudine during pregnancy and extended infant nevirapine (NVP) prophylaxis. Option B includes maternal 3-drug ART during pregnancy and breastfeeding, with cessation after weaning. [7] Selected PMTCT programs in sub-Saharan Africa are implementing Option B, and ''Option B + '' which includes a lifelong ART for all pregnant, HIV-infected women, regardless of CD4 cell count or disease stage. [8] ART given to HIV infected pregnant women diminishes the rate of MTCT; this is true for mono-, bi-, or tri-therapy (HAART), with the greatest effects seen in the latter case. [9] Watts and Mofenson reported that as ART is spread out more widely for pregnant women in resource-limited settings, it will be critical to carefully monitor pregnancy outcomes to assess risks and benefits of the different regimens. [10] Despite the fact that many individual and contextual risk factors to adverse birth outcomes have been identified, ART related causes of adverse birth outcomes are substantially unknown; there are even fewer acknowledged explanations for preterm births. Among the already identified risk factors, some still show mixed evidence, such as the association between preterm births and maternal HIV viral load. It has become very important to evaluate the effects of HAART on both pregnant mothers and their babies. The purpose of this systematic review was to compare perinatal out comes among HIV infected pregnant women who were on, and not on ART.
Methodology
The main source for this review was electronic bibliographic databases such as MEDLINE, PubMed and EMBASE that cover most areas of health care research. AIDSLINE, the Cochrane Collaboration reports of controlled trials (CENTRAL), and Cumulative Index of Nursing and Allied Health Literature (CINAHL) were also searched. Furthermore, key Search engines, such as Google and Google Scholar, were searched specifically for grey literatures. Adverse perinatal outcomes pre-specified for this review were: spontaneous abortion, fetal anomalies, premature delivery, intrauterine growth retardation (IUGR), LBW, stillbirth, perinatal death, neonatal death, and infant death. Our review only included literature from 1993 to 2013.
Mulrow and colleagues state that systematic reviews use explicit and rigorous methods to identify, critically appraise, and synthesize studies; they seek to assemble and examine high-quality available evidence that pertains to a clinical question at hand. [11] Study Selection Criteria. Study designs reviewed were principally observational studies (cohort, case-control and cross-sectional). Studies were included if they were quantitative and had metadata pertaining to maternal demography, pregnancy outcome and information regarding the newborn; also, studies had to include an appropriate control or comparison group. Randomized controlled trials are particularly suited to questions of effectiveness, but may be less suitable for considerations of safety or adverse effects thus were not included in this review.
Search Procedure and Keywords. First DARE data base (http://www.library.ucsf.edu) was explored in an attempt to confirm availability of ongoing or already existing systematic reviews and/or meta-analyses related to our topic of interest. Studies were selected and compared following the guidelines outlined in the Hewitt and Cochrane Reviewers Handbook, 2002 edition. [13, 14] Titles of all relevant abstracts collected from electronic and hand searches were entered into EndNote-7 referencing software.
In order to prevent search bias arising from pre-specified adverse effects, we used a broad focused search design (see Table 1 ). Stage 2: Eligibility criteria. Papers were assessed as to whether they met the eligibility criteria as stated (Table 2) by two data collectors supervised by AW.
Stage 3: Quality appraisal of papers. Each paper was appraised according to a structured pre-formulated template. Methodological quality was assessed by a predefined set of criteria designed to grade each paper according to Sanderson et al. [15] The quality criteria were as follows: whether the papers included a sample size calculation; an explicit description for testing both HIV-infected and uninfected women, initiation of ART, and type of ART taken, a description of maternal disease stage, the measurement process of outcome and degree of blinding of investigators during data collection, the extent of follow up, and methods used to control for confounding.
Study design considerations.
We also considered the study design. For Cohort Studies, we selected papers which matched treatment and control groups, had similar rates of recruitment, refusal, and attrition in the cases/exposed and control groups, that considered the likelihood that some eligible participants might have had the outcome of interest at the time of enrollment and took that into account in their analysis (See Table 3 ). For Case-control studies, we established that controls were non-cases, that the same inclusion/exclusion criteria were used for both cases and controls, and that studies were cited under cohort studies. Factors that decreased quality of evidence that was looked into were limitations in the design, indirectness of evidence, inconsistency of results, imprecision, publication bias, and study limitations while large magni tude of effect was seen as a strength (see Figure 1 ).
Figure 1.
Flow Diagram of the systematic review process, ART and pregnancy outcome, November 2013 (adopted from PRISMA tool) [54] Records identified through database searching (n =1110) [54] Outcomes and Exposures of Interest.
Screening
Adverse Effect. An 'adverse effect' is an adverse event for which the causal relation between the intervention and the event is at least a reasonable possibility. [14] Preterm birth (PTB) was defined as birth before 37+0 weeks gestation. [16] These were categorized as follows: moderately preterm (33+0-36+6weeks), very preterm birth (<32+0weeks) and extremely preterm birth (<28+0weeks).
LBW, SGA and IUGR. LBW was defined as a birthweight <2500g and Very Low Birth Weight (VLBW) was defined as birth-weight <1500g. SGA, for our purposes, was defined as birth-weight-for-gestational age <10 th centile; same as IUGR, which was defined as birth-weight-for gestational age <3 rd centile. [17] Stillbirth and Fetal death. The term "stillbirth" is used inconsistently in the literature we reviewed, which may lead to misclassification of the variable of interest. It is used interchangeably with fetal death. Therefore, for the purpose of this review, it was defined as any 3 rd trimester delivery of a demised fetus with ≥1000g birth-weight or ≥28+0 completed weeks and/or ≥ 35cm body length. [18] Neonatal death and miscarriage. Neonatal death was defined as the death of the infant within 28 days of life and miscarriage was defined as the spontaneous expulsion of the fetus before 28+0 weeks gestation.
Other Exposures. We also considered other exposures of interest. Antiretroviral treatment refers to an intervention for HIV-infected persons to primarily treat AIDS. Additional effects such as a reduced risk of MTCT of HIV are of added value to the intervention. [7] Antiretroviral prophylaxis refers to a short-term intervention to primarily reduce the risk of MTCT. This intervention could be given to an HIV-infected pregnant woman and/or to an uninfected but exposed infant and is not for the treatment of HIV disease. [7] Results Low birth weight (LBW) and Preterm birth. PTB, LBW and IUGR are widely acknowledged global causes of perinatal morbidity and mortality. [16, 18] The debate as to the role of maternal HAART as a risk factor for adverse pregnancy outcome is still ongoing. [19, 20] For instance, a 2007 systematic review by Kourtis based on 14 cohort studies reported that ART during pregnancy did not increase the risk of premature delivery, odds ratio (OR)[1.01, 95% (CI) 0.76-1.34]. In subgroup analyses, the use of ARTs containing protease inhibitor (PI) resulted in an OR for premature delivery of 1.24 (95% CI 0.76-2.02), compared to combinations without PI. Compared to therapy initiation in the 2 nd trimester and beyond, the initiation of combination therapy before pregnancy or in the 1 st trimester showed an OR of 1.71 (95% CI 1.09-2.67) of PTB. However, their review showed a large degree of heterogeneity. [21] Alemu et al.
International [22] However, another cohort study reported the incidence of LBW and preterm birth, respectively, was 9.6% and 7.4%. There was no statistically significant increased risk of LBW [(AOR), 1.5 (95% CI), 0.7-3.2] or preterm birth (AOR, 1.1; 95% CI, 0.5-2.8) among women who received HAART/PI compared to women receiving 1-2 Nucleoside Reverse Transcriptase Inhibiters (NRTI). [23] A South African based study showed that 27% of HAART-unexposed infants had LBW compared to 23% of early HAART-exposed infants and 19% of late HAART-exposed infants (p = 0.05). In the early HAART group, a higher CD4 cell count was protective against LBW (AOR 0.57 per 50 cells/mm3 increase, 95% CI 0.45-0.71, p < 0.001) and preterm birth (AOR 0.68 per 50 cells/mm3 increase, 95% CI 0.55-0.85, p = 0.001), with early Nevirapine and Efavirenz-based regimens having the strongest associations with preterm birth (AOR 5.4, 95% CI 2.1-13.7, and AOR 5.6, 95% CI 2.1-15.2, respectively). Studies from Cote d'Ivoire and Thailand report similar findings. [24, 25, 26] A study done in Botswana in a reasonably large number of subjects, 32, 113 women reported that those continuing HAART from before pregnancy had higher odds of pre-term delivery [AOR= 1.2; 95% CI, 1.1-1.4)], SGA (AOR=1.8; 95% CI, 1.6, 2.1) and SB (AOR=1.5; 95% CI, 1.2, 1.8) than those who start later or are on prophylaxis. Among women initiating ART in pregnancy, HAART use (vs Zidovudine) was associated with higher odds of preterm delivery (AOR, 1.4; 95% CI, 1.2, 1.8), SGA (AOR, 1.5; 95% CI, 1.2, 1.9), and SB (AOR, 2.5; 95% CI, 1.6, 3.9). [27] In another study, congenital defects were seen in 7.6% infants on HAART. [28] Maternal complications. A study from Thailand demonstrated adverse effects, especially anemia, were significantly associated with continuing combined ART in pregnancy (p<0.001). The incid ence of low Appearance Pulse-Rate, Grimace, Activity and Respiration (APGAR) scores of the newborn taken in the 1 st and 5 th minute was 3.6%, and these were associated with initiation of PMTCT during labor (p=0.004). [19] Similarly, a study from Chile identified the following risks: hyperglycemia, lactic acidosis, mitochondrial toxicity, cutaneous rash, hepatitis, hypertension, and premature labor. [29] Other Outcomes and Covariates. A subgroup review was conducted to assess the influence of possible covariates on adverse pregnancy outcome. Variables such as maternal demography, country, income status of country, alcohol use during pregnancy, smoking, advanced maternal age, teenage pregnancy, ethnicity, number of antenatal care received by the pregnant woman and intravenous drug use, drug related factors such as the type of ART used, time of initiation, and HIV stage i.e. immunological stage (mean CD4+) or clinical stage of HIV were deemed to show impact on adverse pregnancy outcomes. [30] Identified multiple pre gnancy (AOR: 8.6; CI: 6.73 -12.9), presence of opportunistic infection at delivery (AOR: 1.9; CI: 1.1 -5.7), and 1 st trimester exposure to PI based HAART (AOR: 5.4; CI: 3.4 -7.8) retained a signifi cant association with preterm delivery.
Duration of ART shorter than 4 weeks [HR= 3.6; 95%CI: 2.2-5.8], mothers on regimen during pregnancy (HR: 4.2; 95%CI: 1.6-11), exclusive breast fee d ing (EBF) (HR= 2.8; 95%CI: 1.5-5.4) or mixed fee ding (HR = 6.9; 95%CI: 3.9-12.4) were also asso ciated with adverse pregnancy outcomes. [31, 32] Maternal CD 4 counts <200 cells/mm 3 , maternal body mass index (BMI) < 18.5, maternal anemia and maternal exposure to HAART were factors significantly associated with LBW. Maternal eclampsia and infants whose mothers gained 0.1 kg/week were at increased risk for LBW, preterm delivery, and composite adverse birth out comes. [33, 34] 
Antiretroviral Therapy and Pregnancy Outcomes
The WHO Guidelines (2010) recommend the same group of ART to be prescribed to both pregnant and non-pregnant women with the exception of Efavirenz. [7, 35] Efavirenz has been linked to anencephaly and anophthalmia in monkeys, at doses comparable to those taken by humans as a result Bristol-Myers Squibb Company announced the pregnancy category for SUSTIVA (Efavirenz) has been changed from Category C (risk of fetal harm cannot be ruled out) to Category D (positive evidence of fetal risk). [36, 37, 38] Nonetheless, emerging data show that other used ART might also have adverse pregnancy outcomes. For example, Amprenavir has been associated with delayed skeletal ossification in rats and Tenofovir is linked to slightly decreased bone porosity among exposed monkeys. [39] If used in pregnant women, Efavirenz can have adverse pregnancy outcomes.
In a study in Tanzania women taking Lopinavir/ ritonavir were significantly more likely to give birth prematurely and women on nevirapine were more likely to have still-births. Infant mortality was 2%-4% across the three arms of this study. [40] Dilated cardiomyopathy and mild bradycardia related to Lopinavir/Ritonavir therapy, a boosted protease-inhibitor was reported elsewhere. [41] However, these studies did not employed regression analysis which may limit their internal validity.
Discussion
Maternal HIV infection has been associated with adverse pregnancy outcomes; however, there is conflicting data regarding effect of HAART. While the benefits of HAART for prevention of mother-tochild transmission of HIV (PMTCT) are undisputed, there has been some concerns regarding its possible adverse effects on pregnancy outcomes. There has been an increasing number of studies that suggest higher risk of PB (< 37weeks) and other adverse pregnancy outcomes [19, 42, 43, 44] , others dispute this finding. [45] For example, two papers reported that preterm birth rates were similar to those found in a HIV negative population. [46, 47] One study argued ART by itself may not be sufficient for decreasing the burden of adverse birth outcomes in HIV positive women without nutritional care. [33] The potential harm to the fetus from maternal ingestion of a drug not only depends on the drug itself, but on the dose, the gestational age at exposure, the duration of exposure, the interaction with other agents, and to an unknown extent, the genetic makeup of the mother and fetus. [48] Most studies in this review demonstrated causative associations between combination therapies, esp e cially PI-based therapies, and preterm babies [49, 50] . Furthermore, in developed countries, the increase in the rate of emergency and elective cesa rean sections among HIV-infected women was associated to early labor in women who had received HAART. [51] HAART not only reduces viral load but also affects metabolic pathways. [52] The effects antiretroviral therapies have on perinatal outcomes, especially the newer protease inhibitors, has been extensively reported in this review. It had been hypothesized that this may be due to an immunological mechanism, with HAART in pregnancy associated with a reversal of T-Helper (Th) cell 1 (Th1) to cell 2 (Th2). [53] However, further investigation of potential ART mechanisms of action may shed light on these contradictory findings and could inform caregivers on how to improve care given to HIV-infected pregnant women in all settings.
Limitations
In general, the result of systematic reviews needs to be interpreted in the context of the study methodologies. The Cochrane study group warns that observational studies are all prone to bias. [12] It is possible that confounders other than ART exposure may be responsi ble for observed differences in the reported outcomes. However, we mostly selected studies that stated and accounted for possible confounders. Another likely source of bias in this review may be publi cation bias. Studies which find no or negative associations may be less likely to be published either because they are not submitted for publication or because journals are less likely to publish them. This phenomenon has been well documented with trials, and there is no reason to believe it is not the case with observational studies also. However gray literature was included in our review to reduce publication bias. [53] We acknowledge the possibility of selection bias having solely considered observational studies for our review. Scholars, such as Egger and colleagues suggest literature from all languages should be sought to maximise data retrieval and minimise bias [12, 14, 15] . However, unavoidable constraints such as a lack of access to translational services did not allow for inclusion of literature in languages other than English into our review.
Even though it is not feasible to say a priori from our results that perinatal outcomes are made worse by a direct effect of ART themselves (HIV could be a cause of adverse perinatal outcomes), the majority of the adverse perinatal outcomes related to ART in this review especially in developing countries had odds ratio of ≥ 1.5. Despite the fact that the beneficial effects of antiretroviral therapy on mother-tochild transmission are unquestionable, monitoring the effect of antiretroviral therapy in pregnancy and new born baby remains a priority.
Conclusion and Global Health Implications
From this systematic review, a number of conclusions and implication become apparent. There is a rela tive association between antiretroviral therapy and occurrence of adverse perinatal outcomes in develo ping countries especially when PI based combinations are used. Although the strength of associations of some studies are weak, and reports are different from setting to setting, there appears to be a real and significant increase in the risk of infant death in developing countries associated with ART use in HIV pregnant mothers.
Our study has significant implications for healthcare providers, policy makers, and public health experts in the field of HIV/AIDS.
For providers, the findings of this review have implications for women infected with HIV who are planning a pregnancy, or who find themselves pregnant. In the preconception phase women need to be given sufficient information about the potential risks for both themselves and their baby, so that they can make an informed choice about whether to become pregnant. Women infected with HIV with an unplanned pregnancy need also to have sufficient information so that they can make an informed decision for earlier intake of ART.
Antenatal surveillance should include fetal growth assessment, nutritional counselling, dietary intake and weight monitoring during pregnancy to improve pregnancy outcomes. There is a potential need to switch Efavirenz and if possible avoidance of PI based therapy. In addition, there is need for proper documentation of birth outcomes and appropriate reporting of the same.
For policy Makers, there is need for strategies to be designed and implemented for early initiation and increased coverage of ART. In addition, nutritional intervention to HIV positive pregnant women on ART and not on ART will be helpful. And for researchers, it is recommended to quantify asso ciations using meta-analysis and understand the pooled effect of ART on pregnancy outcome. Many large well controlled cohort studies are needed in Africa. 
